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ABSTRACT

Studies in psychology and clinical decision-making have shown that research

subjects and physicians are often overconfident in the accuracy of their judgments.

However, in these studies, groups of first and third-year osteopathic medical students

were slightly underconfident in their ability to classify abnormal heart rhythms, with

good "calibration" at higher confidence levels. Evaluating individuals on "adjusted

resolution," which provides an index of the ability to sort correct and incorrect

diagnoses into different confidence levels, revealed a curvilinear relationship

between diagnostic metacognition (adj....ed resolution) and accuracy; the best

metacognition was found in subjects achieving 70-85% diagnostic accuracy.

Implicatons of these findings are discussed.
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The Relationship between Diagnostic Accuracy and Confidence

in Medical Students

Because medical diagnosis is probabilistic, appropriateness of confidence in a

diagnostic hypothesis is critical. IJnderconfidence in a correct diagnosis leads a

physician to seek additional information to confirm the diagnosis and rule out

alternatives, wasting considerable time, effort, and money, and possibly allowing the

patient's condition to worsen. Overconfidence in an incorrect diagnosis could be

disastrous, causing a physician to disregard available relevant information and

proceed with an inappropriate treatment decision.

Most confidence research in psychology has required subjects to indicate

confidence on a 50-100% scale after answering each of a large number of

two-alternative general-knowledge questions, e.g., "Anna Freud is Sigmund Freud's

(a) oldest child, (b) youngest child" (Lichtenstein & Fischhoff, 1977). In general,

subjects' mean confidence on these tasks exceeds their mean accuracy, which is

referred to as overconfidence (Lichtenstein, Fischhoff, & Phillips, 1982).

Subjects' confidence judgments can be grouped into intervals, e.g., .5-.59, .6-.69 and

so on; the mean percentage of correct responses across subjects at each confidence

interval usually does not match the interval. In other words, groups of subjects are

under- or overconfident at most intervals, and thus are said to have poor

"calibration" (Lichten' & Fischhoff, 1977). Yates (1982) refers to the relationship

of confidence intervals and accuracy as "calibration-in-the-small," and the issue of

global (mean) over- or underconfidence as "calibration-in-the-large."

Confidence or subjectivity probability data can be displayed using calibration

curves, covariance graphs or receiver operating characteristic (ROC) curves (Poses,

Cebul, & Centor, 1988). Statistical analysis of confidence data is often based on the

mean probability score (PS), or Brier score (Brier, 1950). The "Murphy resolution,"

part of a widely-used decomposition of PS (Murphy, 1973), indexes the ability of each

subject to sort correct and incorrect diagnoses into different confidence levels (Yates,

1982; see Appendix for details of PS decomposition). Yates observes that
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while the appeal of calibration-in-the-small is largely "aestnetic," the
practical significance of resolution can potentially be much greater. In
essence, resolution pertains to a much more fundamental skill than
calibration; it refers to the ability of the forecaster to discriminate
individual occasions on which the event of interest will and will not take
place. By contrast, calibration concerns the forecaster's ability to assign the
"right" numerical labels to his or her forecasts.

Clearly, resolution is critical to mzdical diagnosis. It would be of little comfort to a

patient to know that a physician is correct on 70% of the diagnoses in which he or she

expressed 70% confidence (which would contribute to a good calibration score). The

physician must strive to know whether each and every diagnosis is correct or

incorrect, and this ability is measured by the resolution score.

The resolution score can be divided by the variance of the proportion correct for

each subject to provide al index of metacognition that is comparable across subjects

with different levels of diagnostic accuracy; the score is then equivalent to the

effect-size measure eta2 (Sharp, Cutler & Penrod, 1988). This score will be referred to

as "adjusted resolution" and used as the measure of diagnostic metacognition.

Adjusted resolution scores range from 0-1, and higher scores reflect more consistent

assignment of different confidence levels to correct versus incorrect diagnoses.

Lichtenstein and Fischhoff (1977) found a strong curvilinear relationship between

calibration and mean accuracy in an experiment using general-knowledge questions,

with the best calibration found in subjects who achieved moderate (approximately

80%) accuracy; subjects at lower and higher levels of accuracy had worse calibration

scores. Lichtenstein and Fischhoff conduded that 'Those who know more do not

generally know more about how much they know." Replication of this curvilinear

relationship in another domain with the more fundamental skill measured by

adjusted resolution would be important to the study of decision-making.

Most studies of physicians' subjective probabilities and diagnostic accuracy have

required physicians to encounter a series of patients or brief written cases and then

estimate the probability of a single target disease being present in each "patient." In

one study, physicians examined 1,531 first-time patients with coughs and

overpredicted the incidence of pneumonia at every subjective probability level above
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"0" (Christensen-Szalanski & Bushyhead, 1981). This is a common but not universal

finding in studies of physicians' subjective probability estimates (reviewed in Yates,

1990).

Studies of this type do not provide an evaluation of general diagnostic ability,

because the physicians are not required to construct a differential diagnosis based on

their own interpretation of the case. A more realistic task would at least provide a list

of diagnostic options rather than specifying the disease to be considered.

Few studies of diagnostic confidence have been done with medical students,

although several studies have investigated the use of confidence-weighted

multiple-choice test items. In one study, second-year medical students indicated

confidence for each item on an Introduction to Clinical Medicine course exam; the

addition of confidence-weighted scoring improved the contribution of the test scores

to the prediction of National Board of Medical Examiners Part I and II test scores in a

multiple regression equation, and overconfidence was related to junior clerkship test

scores and ratings (Zeleznik, Hojat, Goepp, Amadio, Kowlessar & Borenstein, 1988).

Indices of overconfidence and underconfidence derived from a confidence-weighted

test of general pediatric knowledge taken by pediatric residents correlated with faculty

members' perceptions of resident confidence, and residents with extreme

overconfidence or underconfidence scores were more likely to leave the residency

program (Hausman, Weiss, Lawrence, & Zeleznik, 1990). These studies suggest that

the relationship between confidence and accuracy may affect the acquisition and

application of clinical knowledge and decision-making skills.

Medical student diagnostic confidence is of general interest in terms of

novice-to-expert development, and raises an interesting question in relation to the

common finding in the medical decision-making literature that experienced

physicians are overconfident in their diagnostic ability: Is the genesis of diagnostic

overconfidence to be found in the medical school years, or does it develop only with

years of experience in practice?

The following studies therefore explore two independent questions: Are medical

students overconfident in their diagnostic ability? Secondly, is there a relationship

between diagnostic metacognition (adjusted resolution) and diagnostic accuracy, and,
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if so, does that relationship take the curvilinear form found by Lichtenstein and

Fischoff?
Subjects

Both studies used medical student volunteers from the Ohio University College

of Osteopathic Medicine. For the study with first-year students (Mann, 1989), 20

volunteers from a class of 100 participated; four subjects with extensive prior

experience in the subject matter were allowed to participate, but their data was not

included in the analysis. In the study with third-year students (Mann & Dane, 1991),

27 volunteers from a class of 85 participated. The students were told that they would

receive valuable practice in the classification of cardiac rhythm disturbances, and they

received no compensation or course credit for their participation. The third-year

students faced a practical exam on the topic of cardiac dysrhythmias (abnormal heart

rhythms) in an Emergency Medicine course two weeks after the experiment.

Materials

The classification of cardiac dysrhythmias is one of the first diagnostic skills that

medical students are expected to learn. There are approximately 14 types of

dysrhythmias (minor variations in the taxonomy produce 13-16 categories). An

orderly analysis of five characteristics of a rhythm (rate, regularity of rhythm, P-wave,

QRS complex, and the P-QRS relationship) will provide a definitive classification of

its abnormality into such categories as atrial tachycardia, ventricular fibrillation or

first-degree AV (atrioventricular) block.

Examples of the normal sinus rhythm and the dysrhythmias were generated by

connecting a Laerdal Heart Sim 2000 to a Life Pak defibrillator/cardiac monitor. The

examples were printed, and 35mra slides were taken of a section of each "rhythm

strip" that included 8.5 seconds of the rhythm. The rhythms were judged to be very

realistic by a physician currently practicing emergency medicine.

Procedure

Both studies required medical students to classify each slide and to indicate a level

of confidence in each diagnosis on an 11-point scale from 0-100%. Mann (1989) tested

16 first-year students using 27 ECG slides; Mann and Dane (1991) tested 27 third-year

students using 32 ECG slides with accompanying case scenarios. Each test item was
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timed: the first-year students had one minute to classify each slide, and the third-year

students were allowed 30 seconds per rhythm slide. Each rhythm slide was followed

by a black slide which was displayed for 15 seconds to allow students to record their

diagnoses and confidence levels.

Results

"Calibration curves" are formed by combining subjects' responses at each

confidence level on the x-axis plotted against the proportion correct on the y-axis. For

perfectly-calibrated groups of subjects, all points would fall on the diagonal line.

Figure 1 illustrates the calibration of all subjects in each of the two experiments; the

numbers on each graph are the numbers of responses represented by each point on
the line.
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Figure 1. Calibration curves for 16 first-year (left) and 27 third-year (right) students .
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Both graphs illustrate marked underconfidence at lower confidence levels and
slight overconfidence at high levels of confidence. For the first-year students, mean
accuracy was 73.4% but mean confidence was only 67.0%. The third-year students

achieved a mean accuracy of 85.1% and had a mean level of confidence of 82.3%.

Both groups of subjects were slightly underconfident iii their diagnostic ability. These
differences between diagnostic accuracy and confidence were not subjected to tests of

statistical significance for two reasons: no test is necessary to establish that the

students were not generally overconfident, and further analysis of calibration was
omitted in favor of the analysis of adjusted resolution.

The concept of resolution is illustrated by the calibration curves of two first-year

8
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Figure 2. Calibration curves for first-year student subjects #19 (left) and #2 (right).
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Subject #9 had excellent resolution. All four responses assigned confidence levels

of 0%, 30% or 50% were incorrect diagnoses. Twenty-two of the 23 responses assigned

subjective probabilities of 60-100% were correct diagnoses. In contrast, subject #2 had

poor resolution. Knowing this subject's confidence level provides little information

as to whether a particular diagnosis was correct or incorrect. The adjusted resolution

of subject #9 in Fig. 2 was 0.82, but only 0.18 for subject #2.

Figure 3 illustrates the relationship between adjusted resolution and proportion

correct for the two studies using second-order polynomial regression to fit a curve to

the data.

9

.8

7

6

5

.4

3

2

0

0

O
O

O

.4 .5 .6 7 8

Proportion Correct
9

.8

I.6

A

1 3
a

.4 5 .6 .7 .8
Proportion Correct

Figure 3. Graphs of adj. resolution vs. prop. correct for first-year (left) & third-year (right) students



Diagnostic Accuracy and Confidence

9

For the 16 first-year students, the polynomial regression was not significant, F(15)

= 2.996, p = .087 (R2 = .31). For the 27 third-year students, the polynomial regression

was significant, F(24) = 5.058, p = .016 (R2 = .32).

Discussion

In the limited domain of the classification of cardiac dysrhythmias, medical

students are slightly underconfident rather than overconfident in their diagnostic

ability. Their calibration curves look much like those of the "best subjects on easy

items" in Lichtenstein and Fischhoff's (1977) experiments, which revealed substantial

underconfidence at lower confidence levels and slight overconfidence at high levels

of confidence. Further research will be required to distinguish between two possible

causes for the medical students' underconfidence: their respect for the difficult

domain of cardiology may have caused them to underestimate their ability in the

relatively easy sub-domain of basic dysrhythmias, or they may simply not have

acquired the sense of familiarity with the domain that leads some experts into
overconfidence.

These two studies using adjusted resolution as a measure of metacognition

replicate the findings of Lichtenstein and Fischhe: (1977) using calibration to assess

metacognition, with the highest level of metacognition achieved by subjects at

70-85% accuracy. Subjects at lower accuracy levels might be expected to be less able to

reflect on their own performance than more knowledgeable subjects. However,

many subjects at accuracy levels above 85% appear to have a reduced awareness of the
accuracy of individual diagnoses, which is a disturbing finding. These subjects'

demonstrated expertise should enable them to achieve the highest adjusted

resolution scores rather than some of the lowest.

Recording response times may help to discover a relationship between

automaticity and lower adjusted resolution. Automaticity and pattern recognition

may develop rapidly in the classification of distinctive visual stimuli. Further

research is also required to discover whether expertise in a domain, no matter how
recently acquired, produces a "confidence set" that reduces a novice's (or an
experienced physician's) ability to reflect on his or her diagnostic performance in
individual cases.
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These preliminary studies have implications for medical education. Medical

students appear to differ more widely in diagnostic metacognition than in accuracy;

in these studies, metacognition as measured by adjusted resolution varied from 0.02

to 0.82, while accuracy was always above 44%, with most subjects scoring above 70%.

Diagnostic metacogntion is critical to prompt graduates to use the knowledge

retrieval skills (e.g., literature searching) currently being taught at many medical

schools; physicians must realize that they need more information before they can

benefit from access to knowledge bases, expert consultants or computer-based

diagnostic assistance systems.

To the extent that diagnostic metacognition is considered important and is

influenced by the initial acquisition of diagnostic categories during medical school,

teaching and testing methods that reinforce high levels of metacognition should be

adopted. Research is currently underway to determine if diagnostic practice that

requires students to practice each step of the rules for classifying dysrhytlunias

produces better metacognition than diagnostic practice that allows students to classify

dysrhythirdas by whatever method they choose (e.g., rule shortcuts, pattern

recognition). Assesslng diagnostic ability using confidence-weighted response scoring

should produce better diagnostic metacognition over a period of time. Building the

basis for diagnostic metacognition in medical school may reduce the need for

elaborate "debiasing" strategies that attempt tu correct the systematic judgment errors

of experienced decision-makers (Arkes, 1991).
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Appendix

Decompositions of the mean probability score (PS)

(adapted from Yates, 1982)

Outcome
Index

MURPHY Variance Murphy Resolution
DECOMPOSITION:

[a(1-3)] [ - 7:02 ]
I-

Outcome Reliability- 2x Forecast-
Index Forecast in-the- Outcome

COVARIANCE Variance Murphy Resolution Variance Large Covariance Murphy Resolution
DECOMPOSITION:

1 j
[3(1-a)] - [

(1 ) I
Nli(j a)2 ] + ESE2 + gm3)2] - [2Fsd] [(.0 Ni(aj - a)2

(f,d) = (7,71
I

,t )2
it

and

Mean Probability Score (ITS)

Reliability-in-the-Small

[ C/)ENA ap2

where

fi = forecast of the outcome for the ith case (i.e., confidence level from 0-100% that the
answer to that item was correct)

di = outcome index of the ith case: di = 1 if the judgment is correct (i.e., the right
answer); di = 0 if incorrect (the wrong answer)

J = the number of forecast (confidence) levels used

N = the number of cases (questions)
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